phase could not be resolved in Mössbauer experiments. Moreover, theoretical estimates 68 of the Néel temperature T N yield a maximum value of ~69 K for hcp Fe at the transition 69 pressure (12 GPa), followed by a decrease with increasing pressure [12] . Although nickel 70 atoms are predicted to enhance the magnetic moments on neighboring iron atoms, there is 71 no evidence that -Fe 0.9 Ni 0.1 is a static antiferromagnet down to at least 11 K at 72 21 GPa [10] , implying that direct comparison is unreliable between static (0 K) ab initio 73 calculations for AFM -Fe and room temperature experimental data that clearly indicate a 74 paramagnetic phase. It is worth noting that hcp Fe becomes superconducting in the same 75 pressure range [2] , and that the mechanism of superconductivity is believed to be 76 unconventional [13] . These observations indicate that the physical behavior of hcp Fe at 77 moderate pressures below 70 GPa is complex and the role of correlation effects beyond 78 the standard density-functional (DFT) approach in the physics of this material is not well 79
understood. 80
In order to unravel the evolution of the electronic structure in hcp Fe and Fe 0.9 Ni 0.1 81 under pressure we have carried out a combined experimental and theoretical 82 investigation. We have extracted the Debye sound velocity V D for pure Fe and Fe 0.9 Ni 0.1 83 alloy from nuclear inelastic scattering (NIS) experiments as well as precisely measured 84 the lattice parameter c/a ratio and the Mössbauer centre shift in the pressure range from 85 12 to 70 GPa. All of our results show anomalous behavior at a similar pressure ~ 40 GPa. 86
Our state-of-the-art ab initio simulations within the dynamical mean-field theory [14-16] 87 reveal an electronic topological transition (ETT) in the hcp phase of iron at pressures of 88 about 30-40 GPa, providing an explanation of the experimentally observed anomalies. 89
The absence of the ETT in conventional one-electron DFT calculations demonstrates that 90 many-body correlation effects determine the Fermi surface topology of paramagnetic hcp 91 Fe, and, therefore, essential for the correct description of the complex physical 92 phenomena observed in this material. 93 pressure range 42-52 GPa. To verify our results we also analyzed the available 97 literature [18] [19] [20] [21] and conclude that the same softening of V D has been observed at 98 pressures of 40-50 GPa. The phenomenon was not given much attention in the previous 99 publications, perhaps due to data scatter and the uncertainties of individual data points. 100
The softening of the Debye sound velocity in Fig. 1 is weak, so we made further 101 investigations. We measured the lattice parameters of hcp-Fe in a diamond anvil cell 102 (DAC) on compression to ~65 GPa in quasi-hydrostatic He pressure transmitting medium 103 at ambient temperature and found an anomaly in c/a at about 40 GPa (Fig. 2a) , consistent 104 with the pressure at which V D shows softening. The pressure dependence of the c/a ratio 105 in hcp Fe has been the subject of several previous experimental studies [22] [23] [24] [25] [26] [27] that were 106 mainly focused on much higher pressures. However, a closer inspection of the results by 107 Dewaele et al. [24] shows very good agreement with our data (Fig. S.1.3 [17] ). Also, an 108 anomalous behavior of c/a was reported at about 50 GPa based on a limited number of 109 data points collected in DAC experiments using a non-hydrostatic (NaCl) pressure-110 transmitting medium [27] . 111
Mössbauer spectroscopy can also be a powerful method to detect pressure-induced 112 transitions [28] . We performed Mössbauer experiments on pure Fe and Fe 0.9 Ni 0.1 up to 113 60 GPa in a DAC loaded with He as a quasi-hydrostatic pressure transmitting medium, 114
and observed a large anomaly in the center shift variation with pressure at 40-45 GPa 115 (Fig. 2b) . Our theoretical calculations demonstrate that the anomaly cannot be explained 116 by changes of the electron density at the nuclei and, correspondingly, of the isomer 117 shift [17] . Therefore, the anomaly must be associated with the second-order Doppler 118 shift [28] . 119
We have shown from three independent experimental methods pressure-induced 120 anomalies in the pressure range 40-50 GPa. We note that X-ray diffraction does not 121 reveal any crystallographic structural change of hcp-Fe and Fe 0.9 Ni 0.1 at the same 122 conditions [1, 29, 30] Geoinstitut. Special types of new cells slits make it possible to measure nuclear forward 328 scattering (NFS) or X-Ray diffraction patterns at the same time as NIS, and, due to the 329 specific geometry of NIS cells, Be was chosen as a material for the gaskets. We used LiF 330 as a pressure medium for the NIS cells. In both experiments we used diamonds with 331 250µm culet size and small ruby chips to measure the pressure inside gasket chambers. 332
The prepared gasket chambers were 60μm·20μm and 100μm·30μm (diameter·height) for 333 NIS and Mossbauer experiments, respectively. 334 NIS studies were carried out at the beam line ID18 [S1] (ESRF, Grenoble); the 335 details of the experiment are described in Lübbers et al. [S2] and references therein. Data 336 analysis was performed using program DOS-2.1 according to the calculation procedure 337 described in Kohn and Chumakov [S3] , and more details of the calculation procedure is 338 described in Sturhahn [S4] and references therein. 339
To extract the partial density of states for iron (PDOS) using NIS we employed the 340 following procedure. First, we collected absorption spectra of the sample enriched with 341 57 Fe as a function of the energy of incident radiation (NIS spectra Fig S1.1) . After 342 extracting the elastic contribution to the NIS spectra, we used DOS-2.1 software to 343 extract the PDOS. Next, we calculated Debye sound velocities (V D ) using the 344 relation [S5]: 345
where ρ is the density of the material; m is the mass of the nuclear resonant isotope 347 Collection time for each spectrum varied from 24 to 48 h. 368
In our experiments the bcc α-phase transforms to the hcp ε-phase at 10-13 GPa, in 369 good agreement with literature data [S13,S14]. The center shift in hcp-Fe and hcp-370 Fe 0.9 Ni 0.1 gradually decreases with pressure, up to 40-45 GPa. In this pressure range we 371 observe an abrupt increase of the center shift by ~0.15 mm/s in Fe 0.9 Ni 0.1 and a smaller 372 value of ~0.05 mm/s in pure iron (Fig. 2, main text) . Upon further compression to 60 GPa 373 we see no sign of further irregular behavior. The discontinuity was observed in several 374 independent DAC loadings. Previous X-ray diffraction measurements have not revealed 375 any structural transformation in the pressure range 13-60 GPa in both hcp Fe and 376 Fe 0.9 Ni 0.1 [S15,S16]. 377 were then constructed by projecting local orbitals onto a set of FLAPW Bloch states 391 located within the energy window from -9.5 to 9.2 eV (details of the projection procedure 392 can be found elsewhere [S17]). We then introduced a local Coulomb interaction acting 393 between those Wannier orbitals and solved the resulting many-body problem within the 394 DMFT framework. After completing the DMFT cycle we calculated the resulting density 395 matrix in the Bloch states' basis, which was then used to recalculate the charge density 396 and update the Kohn-Sham potential at the next iteration [S18]. 397
We have employed the density-density form of the local Coulomb interaction in the 398 spherical approximation, in which case the interaction matrix is fully specified by the 399 parameters U=3.4 eV and J=0.9 eV, these values of U (or Slater parameter F 0 ) and J 400 were obtained in recent constrained random-phase approximation calculations for bcc 401 In DMFT+LDA calculations, the FPLAPW method was used for the LDA part, as 447 described in Sec. 2.1. We used the experimental lattice constants at the corresponding 448 pressures, which gives a highly accurate description of electronic structure at fixed 449 volume [S31]. The source system was taken to be body-centered cubic (bcc) Fe at 450 ambient pressure, in order to emulate the experimental set-up. 451
Since only s-orbitals have finite probability density at the origin, it is reasonable to 452 assume that IS  depends mainly on the difference in the s-electron charge density at the 453 absorber and emitter nuclei. In the electronic structure computational methods employed 454 in this work, the nucleus is assumed to be point-like and to be situated at the origin. As 455 the s-electron wave function diverges in this limit, we have modeled the nucleus as a 456 uniformly charged sphere of radius relative to a reference point at ambient pressure, which was recalculated within all above 507 methods for a correct evaluation of the shifts. 508 509
